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Abstract 
This study investigates the safety and ease with which a patient stands up from a chair using a crutch, based on the trajectory of 
the center of gravity (CG) of the body and subjective impressions. In the study, three participants are made to stand up from a 
chair using a pair of crutches in seven postures that are combinations of different foot positions, crutch positions, body positions, 
and eye lines to consider their effects. When standing up from the chair, the CG of the body is measured by a stabilometer, and 
the safety and ease of standing up are determined from the trajectories, their lengths, and subjective impressions. This study 
suggests that standing up from the chair with a crutch position that is nearer to the body than normal is appropriate. 
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1. Introduction 
Patients who have an injured leg use crutches when they walk, stand up, and stand still because they cannot use 
both legs simultaneously. However, they can fall and receive injuries to their head and face. This is especially likely 
when they change their posture drastically, such as sitting down or standing up from a chair. Although it is essential 
to show patients how to safely sit on or stand up from a chair, this is not clearly shown to them, and thus, they use 
crutches in their own way [1]. 
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In this study, the authors measure the trajectory of the center of gravity (CG) on the body when a crutch user 
stands up from a chair and determine safety and ease of movement. In the experiment, we make participants to stand 
up from a chair in several postures, i.e., changing foot and crutch positions and with a bent body, and compare the 
safety of standing up in these postures with that of a normal standing-up operation. It is observed that the safest 
posture is to stand up with the crutches nearer the body than their normal positions. 
In the second section, the safety of a crutch patient standing up from a chair is discussed. In the third section, the 
experimental method is presented. In the fourth section, the experimental results are reported and discussed. In the 
fifth section, the study is concluded. 
2. Safety of a crutch patient standing up from a chair 
2.1. Crutch users and types of crutches 
Patients who have an injured leg or foot and people who do not have strong legs use crutches to support their 
weight and maintain balance. For example, some patients who have leg or foot injuries such as bone fractures, ankle 
sprains, or ligament injuries and cannot walk normally use crutches. Some elderly people who have weak leg 
muscles and experience difficulties in walking or climbing stairs may also use crutches. 
There are several types of crutches, such as the T-shaped stick, Lofstrand crutch, and axillary crutch. People use 
the appropriate crutch in accordance with their physical condition: 
 
x T-shaped stick: Mostly, elderly people who do not have strong legs use a T-shaped stick. They grasp its grip to 
support their weight when they stand still or walk. 
x Lofstrand crutch: Some physically disabled people use a Lofstrand crutch, which is also called an elbow crutch. 
They insert their arm into the cuff and grasp a grip so that the crutch extends in the arm direction. The cuff fixes 
their arms, even if they have a weak grip. Patients can support their weight efficiently using both arm and elbow. 
x Axillary crutch: Patients who have injured a leg or foot use an axillary crutch, which we simply call a crutch in 
this study. They grasp its grip and apply force to it when they walk. This type of crutch can support the highest 
amount of load among all other crutch types, and patients can walk using this crutch even if their legs cannot 
support their weight. Patients usually use two crutches, one on each side. 
2.2. Safety and ease of standing up from a chair using crutches 
Safety is the most important issue in using crutches. If patients fall down when using crutches, they can seriously 
injure themselves and lose their quality of life. Standing up from a chair or bed is one of the movements in their 
daily lives where caution is needed because they have to move their bodies drastically to maintain balance. However, 
it is difficult for patients who use crutches to keep their body balanced using one leg and a crutch, especially when 
they first start using crutches. This is because they cannot use crutches as per their desire, and they are usually not in 
a good physical condition. 
Body balance is intimately related to the CG of the body [2,3]. If the CG is inside the polygon formed by the feet, 
body balance is maintained. As the CG moves toward the edge of the polygon, maintaining balance becomes 
difficult. Finally, if the CG is outside the polygon, balance is completely lost. This situation is possible for people 
who use crutches. When using crutches, the polygon is formed by the foot that stands on the floor and the tip of the 
crutch. 
Therefore, the safety of standing up from a chair using a crutch can be determined from the trajectory of the CG. 
If the CG is inside the polygon formed by the foot and crutch, the patient can maintain balance. Furthermore, as the 
trajectory length shortens, maintaining body balance becomes easier. 
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Fig. 1. Experimental system. 
3. Experiment on the safety of a patient standing up from a chair using a crutch 
3.1. Outline of the research 
The research proceeds in the steps as follows: 
 
1. A participant stands up from a chair in several postures, and the trajectories of the CG are recorded using a 
stabilometer. The participant stands up several times in each posture. 
2. After the participant has performed all the trials, he/she answers a questionnaire regarding the ease of standing up 
from the chair using a crutch. 
3. The trajectory lengths and subjective impressions are compared, and the ease of standing up from the chair using 
a crutch is discussed. 
3.2. Experimental system 
Figure 1 shows the experimental system. It consists of a stabilometer, three web cameras, and an LED light. A 
participant stands up from the chair using a crutch on the stabilometer, while a personal computer (PC) records the 
trajectory of the CG. The web cameras take video when the participant stands up, and another PC is used to record it. 
The trajectory data and video are used to determine the relationships between posture and trajectory. 
The experimental equipment shown in Fig. 1 is described below: 
 
a) Stabilometer: A model ECG-1500A stabilometer, produced by Kyowa Electronic Instruments Co., Ltd., is used. 
Data is recorded on a PC through a sensor interface. 
b) Crutch: The crutch length can be changed from 1,100 to 1,310 mm to adjust to the patient’s height; its mass is 
0.85 kg. The distance between the grip and top can be changed from 350 to 500 mm. 
c) Chair: The seat of the chair is at a height of 400 mm from the floor. 
d) Web cameras: Three web cameras are used to record posture during the experiment. They are located in front and 
on both sides of the participant. The scenes are recorded on a PC using SyncRecordT, developed by ATR-
Promotions, Inc. The scenes at the starting time of the experiment are synchronized with the stabilometer data 
using an LED light. 
3.3. Experimental procedure 
The experimental procedure is described as follows: 
 
1. A participant stands up from the chair, and the trajectory of the CG is measured by a stabilometer. It is assumed 
that the participant has an injured right foot and has to stand on the left foot with a crutch on the right side. 
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i.The participant sits on the chair for nine seconds to be stable. 
ii.The participant stands up from the chair for about three seconds. He/she slowly stands up while keeping 
his/her body balanced. 
iii.The participant remains standing still for three seconds. 
2. The participant repeats the measurement, randomly changing the order of the standing-up postures. 
3. The participant repeats steps 1 and 2 five times. 
4. The participant answers several questions on his/her subjective impressions of standing up from the chair. 
3.4. Safety evaluation 
Figure 2 shows an example of the trajectory of the CG measured by a stabilometer. In the figure, the footprint 
represents the position of the left foot, whereas the two circles on the right represent the positions of the crutches 
because the participant stands up with the crutches bunched. The below-mentioned four colored markers in the 
trajectory are used to analyze the ease of standing: 
 
x Orange marker: position of the CG when the experiment starts at zero seconds. 
x Yellow marker: position of the CG when the participant starts standing up from the chair at nine seconds. 
x Green marker: position of the CG when the participant starts standing still at 11.95 seconds. 
x Red marker: position of the CG when the experiment ends at 14.95 seconds. 
3.5. Standing-up postures 
In this study, the effects of three different conditions are investigated. They are (1) the type of grip to transfer 
force to the crutch, (2) foot and crutch positions, and (3) bending of the body and eye lines. The standing-up 
postures in the experiment are combinations of these, as listed below (see Fig. 3): 
 
a) Normal positions: The participant stands up using a crutch without any restrictions on foot and crutch positions. 
In other words, both the foot and crutch positions are set as the participant desires. The body is not bent, and the 
eye line is kept horizontal. 
b) Push with palm: The participant stands up using a crutch by pushing strongly downward on the grip. 
c) Nearer foot position: The participant stands up with the knee more bent and the foot position set nearer to the 
body than in case (a). 
d) Nearer crutch position: The participant stands up with the crutch position set nearer to the body than in case (a). 
e) Nearer foot and crutch positions: This is a combination of cases (c) and (d). 
f) Body bent with eye lines down: The participant stands up with the body bent and looks down at the feet. 
g) Body bent with eye line horizontal: The participant stands up with the body bent while the eye line is horizontal. 
Fig. 2. An example of trajectory. 
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Fig. 3. Standing-up postures. (a) normal position; (b) push with palm; (c) nearer foot position; (d) nearer crutch position; (e) nearer foot and 
crutch; (f) body bent with eye lines down; (g) body bent with eye lines horizontal. 
3.6. Questionnaire 
The participant answered several questions on his/her subjective impressions of standing up from the chair using 
a crutch. The questions and possible answer levels are as follows: 
 
a) Balance: Could you stand up from the chair while maintaining your balance? (1: Good, 2: Medium, 3: Bad) 
b) Load on right hand: How was the load on the right hand that grabs the crutch? (1: Light, 2: Medium, 3: Heavy) 
c) Load on left leg: How was the load on the left leg with which the patient stands up? (1: Light, 2: Medium, 3: 
Heavy) 
 
There were three levels for each question, with the smaller number representing a stronger preference. The 
answers in case (a) were set to 2 (Medium), and the answer for each question represented the ease of each case in 
comparison with case (a). 
4. Experimental results 
4.1. Participants 
Three people participated in the experiment. Their characteristics are as follows: 
x Participant A: 22-year-old female student, 155.0 cm tall, and right handed. 
x Participant B: 22-year-old male student, 176.4 cm tall, and right handed. 
x Participant C: 22-year-old female student, 155.0 cm tall, and right handed. 
4.2. Trajectory of the CG 
Figure 4 shows the average trajectory of the CG in each case, using participant A as an example. The blue lines in 
Figs. 4 (c), (d), and (e) indicate that the foot or crutch position is nearer than those in Fig. 4 (a). The trajectories are 
obtained by calculating the average of the x- and y-coordinate values for the five trials at each time step. 
From the figures, it is observed that the trajectories shown in Figs. 4 (f) and (g) move less laterally than in case 
(a), which indicates that it is possible to reduce movement in the lateral direction. Moreover, the trajectory length 
from 11 to 14.95 seconds shown in Fig. 4 (f) is longer than that shown in Fig. 4 (g), which indicates that it is 
difficult to maintain balance when the eye lines are down. 
4.3. Total length of the trajectory 
Figure 5 shows a comparison of the trajectory lengths of the three participants. Each graph length shows the 
average of the five trajectory lengths when standing up from the chair, i.e., from 9 to 14.95 seconds, along with its 
standard deviation.  
a b c d e f g 
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(a) case (a): normal position         (b) case (b): push with palm 
 
(c) case (c): nearer foot position                    (d) case (d): nearer crutch position 
 
(e) case (e) : nearer foot and crutch position                   (f) case (f): body bent, eye lines down 
 
 
 
 
 
 
 
 
 
 
 
(g) case (g): body bent, eye lines horizontal 
Fig. 4. Average trajectory of the CG in cases (a) through (g). 
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Fig. 5. Comparison of trajectory lengths. 
The observations that are made from the figure are as follows: 
 
a) Most of the average lengths are between approximately 400 and 500 mm. 
b) The trajectory lengths in cases (c), (d), and (e) tend to be shorter than those in other cases for the same participant. 
c) The trajectory lengths in cases (b) and (f) are longer than those in other cases for the same participant. 
d) The trajectory lengths of participant C are longer than those of other participants in all cases. 
 
However, there are few common characteristics of the three participants. The above-mentioned differences may 
be because of differences in the participants’ body types. 
4.4. Subjective impressions 
Figure 6 shows a radar chart of the subjective impressions of the three participants. In the figure, the blue solid 
line, green dotted line, and grey dashed line indicate the total scores of the participants A, B, and C, respectively. 
The black dotted heptagon indicates a score of 6, which indicates case (a), i.e., the normal standing-up posture. The 
evaluation is better if the score is less. 
From the figure, it is observed that the scores in case (d) are lower than those in case (a) for all participants. On 
the other hand, the scores in cases (f) and (g) are greater than those in case (a), which indicates that standing up with 
the body bent reduces the ease of standing up. 
Fig. 6. Comparison of subjective impressions. 
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Fig. 7. Comparison of trajectory lengths and subjective impressions. 
4.5. Evaluation of the ease of standing up from a chair based on trajectory and subjective impressions 
The trajectory lengths and subjective impressions are integrated to evaluate their overall effects. Figure 7 shows 
the average trajectory lengths of the three participants along with subjective impressions for the seven cases. In the 
figure, bars represent the average trajectory lengths, the scale of which is shown on the left vertical axis. The points 
represent the subjective impressions, the scale of which is shown on the right vertical axis. To evaluate the effect of 
other cases in comparison with the reference case (a), the blue and yellow dotted lines indicate the values of average 
trajectory length and subjective impression for case (a), respectively. 
From the figure, the effects of the three aspects described in Subsection 3.5 are considered: 
 
a) Type of grip to transfer force to the crutch: Comparing cases (a) and (b), it is found that the trajectory length of 
case (a) is shorter than that of case (b) and subjective impressions of case (a) are poorer than those of case (b). 
b) Foot and crutch positions: Comparing cases (a), (c), (d), and (e), it is found that the trajectory length of case (e) 
is the shortest and those of cases (c) and (d) are almost the same as that of case (a). Moreover, the subjective 
impressions of case (d) are the best and those of cases (c) and (e) follow it. The reason is that the participant can 
stand up while maintaining balance, with less load on the left foot and right hand. 
c) Body bending and eye lines: Comparing cases (a), (f), and (g), it is found that the trajectory length of case (g) is 
the shortest, and the subjective impressions of cases (f) and (g) are poorer than those of case (a).The reason could 
be that although balance is maintained by bending the body, it requires more load on the right hand and left foot. 
 
In conclusion, considering the deviations in trajectory lengths as shown in Fig. 5, case (d), which has the crutch 
nearer to the body, is the best among the seven cases. 
5. Conclusions 
In this study, the safety of standing up from a chair using a crutch is determined from the trajectory of the CG of 
a body and the subjective impressions of standing up using several different postures. From the experiment, it is 
observed that trajectory lengths are slightly shorter than those of a normal posture if the foot or crutch position is 
nearer than the normal positions. In addition, the subjective impressions of those postures are better than those of the 
normal posture. As a result, considering the relationships between trajectory length and subjective impressions, the 
nearer crutch position appears to be the best. For future studies, we plan to consider the relationships between 
participant body type and the ease of standing up from a chair using a crutch. 
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